Introduction {#sec1}
============

Lung cancer is one of the most common malignant neoplasms around the globe, its most common type being non-small cell lung cancer (NSCLC) \[[@cit0001]\]. The main therapy strategies for NSCLC include surgical operation, systemic radiotherapy and chemotherapy, which could effectually prevent metastasis and recrudescence of NSCLC \[[@cit0002]\]. Despite prominent advances in modern surgical technique and systemic chemotherapy, the prognosis of NSCLC patients is still poor; its 5-year survival rate is less than 15% \[[@cit0003]\]. Consequently, it is urgent to study the molecular mechanisms involved in the tumorigenesis and development of NSCLC, which will contribute to the progress of NSCLC's clinic therapy.

Long noncoding RNA (lncRNA) is a category of endogenous non-coding RNAs longer than 200 nucleotides, which is a hotspot in current research. By January 2016, 294 lncRNAs had been functionally annotated in the LncRNAdb database; most of them had been found and researched in human. LncRNAs have various functions and complicated regulative mechanisms, and take part in almost all physiological or pathological cytobiological characteristics, including apoptosis, cell proliferation and chemotherapy resistance \[[@cit0004]--[@cit0007]\].

The FOXF1 adjacent non-coding developmental regulatory RNA (FENDRR) gene is an lncRNA located at 16q24.1, which produces a spliced long non-coding RNA transcribed bidirectionally with FOXF1 on the opposite strand. To date, limited data about the aberrant expression and functions in cancers have been reported. Xu *et al.* reported that the FENDRR gene showed low expression in gastric cancer and participate in the modulation of metastasis and progression, and its low expression predicted poor prognosis of gastric cancer patients \[[@cit0008]\]. In Li's microarray assays, the expression of FENDRR showed significant down-regulation in lung cancer \[[@cit0009]\]. Those discoveries suggested that FENDRR might also play a tumor-suppressing role in NSCLC, but its role and clinical significance in NSCLC is still unclear.

In this study, the expression of FENDRR was confirmed to be low in NSCLC tissues in contrast to control tissues, and low FENDRR expression correlated with high TNM stages and poor differentiation of NSCLC. Moreover, FENDRR played its tumor-suppressing role to inhibit cell proliferation ability and chemotherapy resistance, and advance cell apoptosis of NSCLC cells. The consequences will contribute to mechanism research and clinical treatments for NSCLC.

Material and methods {#sec2}
====================

Clinical specimens {#sec2.1}
------------------

All 74 NSCLC and normal lung tissues (NLT) specimens were obtained in the Department of Thoracic Surgery, Affiliated Shengjing Hospital of China Medical University (Shenyang, China) from April 2009 to November 2010. Another 50 NSCLC specimens were obtained from October 2012 to June 2013 through bronchoscopy, and treated with cisplatin. According to RECIST Response Evaluation Criteria, these NSCLC patients were divided into two groups according to the sensitivity to cisplatin: the sensitive group (*n* = 21) was completely or partially sensitive to cisplatin, while the insensitive group (*n* = 29) was insensitive to the cisplatin. The clinical pathological data were confirmed by a pathologist according to WHO standards, and follow-up continued 5 years until December 2015. This study was approved by the Ethics Committees of China Medical University.

Cell culture {#sec2.2}
------------

Human pulmonary alveolar epithelial cells (PAEC) were obtained from ScienCell Research Laboratories (Santiago, Ca, USA). Human NSCLC A549 cells were obtained from the Chinese Academy of Medical Sciences (Beijing, China). The A549/DDP cell line was obtained from Runcheng Company (Shanghai, China), which showed resistance to cisplatin. The cells were cultured in RPMI-1640 medium with 10% fetal bovine serum (Gibco, Carlsbad, CA, USA) at 37°C. In order to maintain the resistance phenotype, A549/DDP cells was cultured with 5.0 µg/ml cisplatin (Sigma, St. Louis, MO, USA), and cultured in cisplatin-free medium for 10 days prior to the experiment.

Quantitative real-time PCR (qRT-PCR) {#sec2.3}
------------------------------------

Then FENDRR expression level was detected with SYBR (Applied Biosystems, Foster City, CA, USA); its forward primer was 5'-TAAAATTGCAGATCCTCCG-3' and the reverse primer was 5'-AACGTTCGCATTGGTTTAGC-3'. GAPDH was used as a reference gene; its forward primer was 5'-GTCAACGGATTTGGTCTGTATT-3' and the reverse primer was 5'-AGTCTTCTGGGTGGCAGTGAT-3'. The 2^--ΔΔ^ *^Ct^* method was used to quantify the relative expression of FENDRR \[[@cit0010]\].

Transfection {#sec2.4}
------------

Various vectors were transfected with Lipofectamine 3000 Reagent (Invitrogen, Foster City, CA, USA) according to the operation manual. After 4 h, normal medium was applied to cultured cells for 48 h.

Vector construction {#sec2.5}
-------------------

The FENDRR expression vector pc-FENDRR was constructed by Sangon Company (Shanghai, China). The pcDNA3.1 vector (Invitrogen, Carlsbad, CA, USA) was selected to be the negative control (pc-NC).

Cell proliferation assay {#sec2.6}
------------------------

The cells (2 × 10^4^ /well) were seeded in a 96-well plate. 20 µl of MTT solution (0.5 mg/ml, Sigma, St. Louis, MO, USA) per well was added to the 96-well plate, and it was incubated at 37°C. 4 h later, MTT solution was discarded, and to each well 0.2 ml was added, then it was incubated for 30 min. For OD values and the calculation of cell viability refer to the previous literature \[[@cit0011]\].

Apoptosis detection {#sec2.7}
-------------------

Flow cytometry was used to examine the apoptosis rate with the Annexin V-FITC apoptosis test kit (Beyotime, Nantong, Jiangsu, China) according to the operation manual, and the data were analyzed through CellQuest 3.0 software (BD, Franklin Lakes, NJ, USA).

Western blot {#sec2.8}
------------

Protein was extracted by lysing with RIPA buffer (Beyotime, Shanghai, China) and the concentration was determined using the BCA assay (Beyotime, Shanghai, China) according to the manufacturer's instructions. A total of 30 µg of protein were subjected to 10% SDS-PAGE and transferred to a 0.22 µm PVDF membrane. After being incubated with specific ABCC10 antibodies (ab91451, Abcam, USA) on a shaker overnight at 4°C, signals were visualized using the infrared labeled antibody and scanned with the Dual Color Infra-red Laser Imaging System (Gene, HK, China) by being normalized to the inference gene of GAPDH.

Chemotherapy resistance assay {#sec2.9}
-----------------------------

Cells were treated with cisplatin at various concentrations (1.0 µg/ml, 5.0 µg/ml, 10 µg/ml, 15 µg/ml, 20 µg/ml, 25 µg/ml) \[[@cit0011]\]. The cell viability was detected by MTT assay 48 h later and the dose-response curve charted. The half maximal inhibitory concentration (IC~50~) was calculated by the Probit regression model.

Statistical analysis {#sec2.10}
--------------------

All experiments were done 5 times. SPSS 21.0 software (IBM, Somers, NY, USA) was selected to perform the statistical analysis. For the comparison of differences piared Student's *t*-test was used. The association between FENDRR expression and pathological grades was assessed using one-way ANOVA and binary logistic regression. The overall survival rate was calculated by the Kaplan-Meier method. *P* \< 0.05 means a significant difference.

Results {#sec3}
=======

FENDRR showed low expression in NSCLC specimens and cells {#sec3.1}
---------------------------------------------------------

[Figure 1](#f0001){ref-type="fig"} A shows that the FENDRR expression in NSCLC was much lower than that in NLT (*p* \< 0.05). Moreover, compared with control PAEC cells, the FENDRR expression was down-regulated in A549 cells, and down-regulated much more in A549/DDP cells (*p* \< 0.05, [Figure 1 B](#f0001){ref-type="fig"}). Those results suggested that FENDRR might play a role in genesis and chemotherapy resistance of NSCLC.

![FENDRR showed low expression in NSCLC specimens and cells. **A** -- Relative expression of FENDRR showed low expression in NSCLC tissues (*n* = 74). \**p* \< 0.05 vs. NLT. **B** -- FENDRR expression in A549 cells was higher than that in control PAEC cells, and its expression in A549/DDP cells was even much higher. \**p* \< 0.05 vs. PAEC, \#*p* \< 0.05 vs. A549](AMS-15-37210-g001){#f0001}

The correlations between FENDRR expression and clinical pathological characteristics of NSCLC were investigated using univariate and multivariate analysis. Lower FENDRR expression in NSCLC tissues occurred much more often in patients with more malignant behaviors, including high TNM stage and poor differentiation (*p* \< 0.05, [Table I](#t0001){ref-type="table"}), but excluding age, sex and lymphatic metastasis. Those results provided initial evidence that FENDRR might be involved in genesis and progression of NSCLC, but not in metastasis.

###### 

Univariate analysis of the association between FENDRR expression and clinical pathological factors in 74 NSCLC patients

  Factor                                   *N*          Mean ± SD    *P*-value
  ---------------------- ----------------- ------------ ------------ ------------------------------------------
  Age                    ≤ 58              37           0.34 ±0.05   0.2013
  \> 58                  37                0.32 ±0.08                
  Sex                    Male              45           0.32 ±0.06   0.0531
  Female                 29                0.35 ±0.07                
  Differentiation        Well/moderately   48           0.38 ±0.08   \< 0.01[\*](#tf1-1){ref-type="table-fn"}
  Poorly                 26                0.24 ±0.04                
  Lymphatic metastasis   Negative          30           0.35 ±0.09   0.0893
  Positive               44                0.32 ±0.06                
  TNM stage              I + II            47           0.37 ±0.07   \< 0.01[\*](#tf1-1){ref-type="table-fn"}
  III + IV               27                0.26 ±0.03                

The difference is significant.

FENDRR was a prognostic factor for NSCLC patients {#sec3.2}
-------------------------------------------------

NSCLC patients with higher FENDRR expression had a remarkably longer survival time than patients with lower FENDRR expression. The overall survival rate of 5 year is 10.8 percent in the higher FENDRR expression group, but 29.7% in the lower group. Meanwhile, patients with lower expression of FENDRR had a significantly worse prognosis according to a univariate Cox proportional hazards regression analysis of overall survival (HR = 0.5818, 95% CI: 0.3450--0.9811, *p* = 0.042). Those outcomes verified that low-expressed FENDRR participated in the progression of NSCLC.

Up-regulation of FENDRR inhibited the proliferation ability and advanced cell apoptosis in A549 cells {#sec3.3}
-----------------------------------------------------------------------------------------------------

To investigate the influence of FENDRR expression changes on the cell characteristics of NSCLC cells, the expression vector for FENDRR was transfected into A549 cells to up-regulate the expression of FENDRR ([Figure 2 A](#f0002){ref-type="fig"}). After transfection, compared with the control groups, the cell viability of A549 cells with FENDRR over-expression decreased significantly ([Figure 2 B](#f0002){ref-type="fig"}). Moreover, the results of apoptosis detection showed that the apoptosis rate of A549 cells with FENDRR over-expression was much higher than that in the control groups ([Figure 2 C](#f0002){ref-type="fig"}).

![Up-regulation of FENDRR inhibited the proliferation and advanced apoptosis in A549 cells. **A** -- The expression of FENDRR was up-regulated by transfection with pc-FENDRR in A549 cells. **B** -- The cell viability of A549 cells was inhibited by FENDRR enhancement. **C** -- The cell apoptosis of A549 cells was advanced by FENDRR enhancement. \**p* \< 0.05 vs. control and pc-NC](AMS-15-37210-g002){#f0002}

FENDRR was correlated with cisplatin resistance of NSCLC patients {#sec3.4}
-----------------------------------------------------------------

Cisplatin is one of the first-line drugs applied in chemotherapy for NSCLC patients. In this study, 50 NSCLC patients treated with chemotherapy were divided into two groups according to the sensitivity to cisplatin, and the expression of FENDRR in the insensitive group was much lower than that in the sensitive group ([Figure 3 A](#f0003){ref-type="fig"}). This result provided initial evidence that FENDRR down-regulation might be involved in chemotherapy resistance of NSCLC.

![FENDRR was correlated with cisplatin resistance of NSCLC patients and inhibited cisplatin resistance in A549/DDP cells. **A** -- The expression of FENDRR in NSCLC patients insensitive to cisplatin (*n* = 21) was much lower than that in NSCLC patients sensitive to cisplatin (*n* = 29). \**p* \< 0.05 vs. sensitive. **B** -- The cisplatin concentration of 50% inhibition of cell growth (IC~50~) of A549/DDP cells was much higher than that in A549 cells, and FENDRR enhancement depressed IC~50~ of doxorubicin in A549/DDP cells. \**p* \< 0.05 vs. A549, \#*p* \< 0.05 vs. control. **C** -- The expression of FENDRR was up-regulated by transfection with pc-FENDRR in A549/DDP cells. \**p* \< 0.05 vs. control and pc-NC. **D** -- FENDRR up-regulation inhibited cell viability of A549/DDP cells under treatment with DDP (5 μg/ml). \**p* \< 0.05 vs. control and pc-NC](AMS-15-37210-g003){#f0003}

The IC~50~ values of cisplatin in A549 and A549/DDP cells were 11.38 ±1.17 µg/ml and 26.41 ±1.53 µg/ml, and A549/DDP cells showed stronger resistance to cisplatin (*p* \< 0.05, [Figure 3 B](#f0003){ref-type="fig"}). The expression of FENDRR was up-regulated also by transfection with pc-FENDRR in A549/DDP cells (*p* \< 0.05, [Figure 3 C](#f0003){ref-type="fig"}). Those results revealed that the expression of FENDRR was positively correlated with the response of patients to cisplatin-associated chemotherapy.

Up-regulation of FENDRR inhibited chemotherapy resistance to cisplatin in A549/DDP cells {#sec3.5}
----------------------------------------------------------------------------------------

[Figure 3 B](#f0003){ref-type="fig"} shows that FENDRR enhancement could depress IC50 of cisplatin from 26.41 ±1.53 µg/ml to 15.62 ±1.25 µg/ml in A549/DDP cells (*p* \< 0.05), which demonstrates that over-expression of FENDRR inhibits chemotherapy resistance to cisplatin in NSCLC cells. Moreover, the A549/DDP cells were treated with DDP (5 µg/ml) and the MTT assay indicated that FENDRR up-regulation inhibited cell viability of A549/DDP cells ([Figure 3 D](#f0003){ref-type="fig"}, *p* \< 0.05).

Up-regulation of FENDRR inhibited expression of ATP binding cassette subfamily C member 10 (ABCC10) in A549/DDP cells {#sec3.6}
---------------------------------------------------------------------------------------------------------------------

The co-expression patterns (log2-scale) between FENDRR and ABCC10 in TCGA Pan-Cancer (PANCAN) showed that the expression of FENDRR was negatively correlated with the expression of ABCC10 ([Figures 4 A, B](#f0004){ref-type="fig"}), with a Pearson coefficient *r* = --0.2167 and *p*-value (two tail, *t*-test) = 1.59 × 10^--7^ in lung adenocarcinoma (LUAD), and a Pearson coefficient *r* = --0.2014 and *p*-value (two tail, *t*-test) = 2 × 10^--6^ in lung squamous cell carcinoma (LUSC).

![Up-regulation of FENDRR inhibited the expression of ABCC10 in A549/DDP cells. The coexpression patterns between FENDRR and ABCC10 in lung adenocarcinoma (**A**) and lung squamous cell carcinoma (**B**) was searched using the online server ChIPBase. **C** -- FENDRR up-regulation inhibited the expression of ABCC10 in A549/DDP cells. \**p* \< 0.05 vs. control and pc-NC](AMS-15-37210-g004){#f0004}

Also, the western blot showed that FENDRR up-regulation inhibited the expression of ABCC10, a multidrug resistance associated protein, in A549/DDP cells ([Figure 4 C](#f0004){ref-type="fig"}, *p* \< 0.05).

Discussion {#sec4}
==========

LncRNAs are hotspots in current research, in which anomalous expression of certain lncRNAs is found in a variety of malignant cancers, and those lncRNAs can act as tumor-suppressing genes or oncogenes to play a part in genesis and progression of tumors \[[@cit0012], [@cit0013]\]. It is well known that lncRNAs possess various functions and are involved in almost all cancer cell characteristics, including apoptosis, invasion, autophagy and chemotherapy resistance \[[@cit0014]--[@cit0019]\].

Recently, FENDRR has been reported to show low expression in 5 cell lines and tumor tissues of gastric cancer. Its low expression correlated with higher tumor stage, deeper tumor invasion and lymphatic metastasis, which suggested that FENDRR participates in the modulation of metastasis and progression of gastric cancer \[[@cit0008]\]. In our study, we confirmed that FENDRR showed low expression in NSCLC tissues and cells, and its low expression was associated with high TNM stage and poor differentiation of NSCLC, but not with age, sex or lymphatic metastasis. Those results indicated that FENDRR might also be involved in tumorigenesis and progress of NSCLC, but not play a part in metastasis of NSCLC.

The Kaplan-Meier analysis showed FENDRR was a prognostic biomarker of overall survival for NSCLC patients, which corresponded to Xu's *et al.* report in gastric cancer \[[@cit0008]\]. Recent studies showed that several lncRNAs, including HMlincRNA717 and RGMB-AS1 \[[@cit0020], [@cit0021]\], were associated with overall survival of NSCLC patients, and could be prognostic factors for patients with NSCLC. Further penetrating research might provide a diagnosis target and prognostic biomarker for NSCLC.

In order to discuss the functions of FENDRR in NSCLC cells, the expression vector for FENDRR was transfected into A549 cells to up-regulate the expression of FENDRR. Then, the results showed the up-regulation of FENDRR could inhibit the proliferation ability and advance cell apoptosis of A549 cells, which proved that FENDRR acted as a tumor suppressor gene in NSCLC cells. It was demonstrated that FENDRR could combine with polycomb repressive complex 2 (PRC2) and/or TrxG/MLL complexes to promote the promoter methylation of target genes, and then silenced their expression \[[@cit0022], [@cit0023]\]. FENDER over-expression suppressed migration and invasion through down-regulating the expression of FN1 and MMP2/MMP9 in gastric cancer cells \[[@cit0008]\].

In this study, the expression of FENDRR in cisplatin-resistant NSCLC patients' tissues and cell line was much lower than that in control tissues and cell line, which suggested that FENDRR depletion might be involved in chemotherapy resistance of NSCLC to cisplatin. Chemotherapy is an effective approach to prevent metastasis and recrudescence of NSCLC. But, the prognosis of NSCLC patients is still poor, because of chemotherapy resistance. Heretofore, nothing was known about the impact of FENDRR on chemotherapy resistance of NSCLC, especially to cisplatin. In this study, FENDRR over-expression decreased the IC50 for cisplatin in A549/DDP cells, promoted the cytotoxicity induced by DDP, and depressed chemotherapy resistance of A549/DDP cells to cisplatin. Recent papers reported that several lncRNAs participated in modulation of chemotherapy resistance in almost all malignant tumors \[[@cit0012], [@cit0024]\]. Shang *et al.* reported that silencing of long noncoding RNA UCA1 inhibited malignant proliferation and chemotherapy resistance to doxorubicin in gastric cancer \[[@cit0025]\]. HOTAIR, a well-known lncRNA, advanced cisplatin resistance through targeted silencing p21 expression in lung adenocarcinoma cells \[[@cit0011]\].

TCGA Pan-Cancer (PANCAN) analysis showed that the expression of FENDRR was negatively correlated with the expression of ABCC10, and our western blot found FENDRR up-regulation inhibited the expression of ABCC10 in A549/DDP cells. ABCC10 is a member of the ATP-binding cassette (ABC) transporter superfamily, which is also named multidrug resistance associated protein 7 (MRP7). ABCC10 is well characterized with drug resistance; it acts as an efflux pump to transport anticancer drugs out of the cells before they reach the cytosol \[[@cit0026], [@cit0027]\]. Accordingly, we speculated that FENDRR depressed DDP resistance by inhibiting ABCC10 expression in A549/DDP.

In conclusion, lncRNA FENDRR shows low expression in NSCLC and is a prognostic biomarker of overall survival in NSCLC patients. FENDRR acts as a tumor-suppressing gene to inhibit the proliferation ability and chemotherapy resistance, and advance cell apoptosis of NSCLC cells, and this might offer a new therapy target for NSCLC.
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